creases bone size of the injured lower extremity or not has not been adequately solved.
MATERIALS AND METHODS
Twenty-one men and twelve women with unilateral untreated ACL injury, whose age ranged from 15 to 39 years were studied. Table 1 showed characteristics of men and women with unilateral untreated ACL injury. In all patients, pivot-shift and Lachman's test were positive. Thirty-two of 33 patients underwent ACL reconstruction surgery with a central third patellar tendon graft (bone-patellar tendon-bone graft) (10) .
All subjects agreed to participate in this study and gave their informed consent.
Measurement of bone area, BMD, BMC, lean mass and fat mass of lower extremity by dual energey Xray absorptiometry
Bone area, BMD, BMC, fat mass, and lean mass of lower extremity were measured by dual energy X-ray absorptiometry (DXA) using a QDR-2000 densitometer (Hologic Inc., Waltham, MA. USA) in the array beam scanning mode (Enhanced Array Whole Body, version 5.60A). Regional bone area (cm 2 ) and BMD (g/cm 2 ) was measured in the head, upper extremities, lower extremities, ribs, thoracic spine, lumbar spine and pelvis. The lean mass (g), fat mass (g) and %Fat (%) of the head, upper extremities, lower extremities and trunk was measured with a tissue bar (11, 12) . In our preliminary study, there was no significant difference of bone area, BMD, BMC, lean mass, fat mass and %Fat between dominant and non-dominant legs.
Figure shows the screen display of total bone mineral in vivo. Lines superimposed upon the skeleton demarcate major anatomical areas, head, upper extremities, ribs, thoracic spine, lumbar spine, pelvis and lower extremities. The horizontal line above the shoulders should be just below the chin. The vertical lines at the shoulders should be between the head of the humerus and scapula at the glenoid fossa. The vertical lines on either side of the spine should be moved close to the spine. The small horizontal line should be approximately at the level of L1-T12. The horizontal line above the pelvis should be just above the crest of the ilium. This line can be extended out at the sides to include soft tissue in the chest and waist. The angled lines below the pelvis should bisect both femoral necks. The vertical line between the lower extremities should be adjusted to be between the feet. The vertical lines lateral to the lower extremities should be adjusted to include as much of the soft tissue as possible in the thighs.
Muscle strength
The isometric muscle strength of quadriceps and hamstrings muscles was measured with the knee joint flexed in 45 degrees. The isokinetic muscle strength was assessed as a peak torque (Nm). The peak torque of the quadriceps and hamstrings was determined at a low-speed of 60 (degrees per second) and a high-speed of 180 (degrees per second) by means of an isokinetic machine using Cybex II. The injured/intact ratio of peak torque was compared between hamstring and quadriceps muscles at low-speed and high-speed to evaluate muscular contractility of the injured lower extremity.
Circumference of the thigh and circumference of the lower leg
The circumference of the thigh (COT) was measured at a point 10 cm proximal to the patellar superior pole, and the circumference of the lower leg (COLL) at the point of maximal diameter of the lower leg.
Statistics
Results were expressed as the mean!standard deviation. Student's paired t-test was used for differences between injured and intact legs of all patients. Spearman's rank correlation coefficients were calculated to correlate the time from injury to admission and injured lower extremity / intact lower extremity ratio of BMD, BMC, lean mass, fat mass, %fat, COT, COLL, muscle. A p value of less than 0.05 was considered to be statistically significant.
RESULTS

Bone area, BMD, BMC, lean mass, fat mass, %fat, COT and COLL (Table 2).
Significant effect of unilateral ACL injury on BMC, lean mass, fat mass, %fat, COT and COLL of the injured lower extremity was detected in this study.
BMC, lean mass, COT and COLL of the injured lower extremity were significantly smaller than those of the intact lower extremity (p=0.0002, p!0.0001, p!0.0001, p=0.0131). In contrast, fat mass and %Fat of the injured lower extremity were significantly greater than those of the intact lower extremity (p=0.0301, p !0.0001).
Muscle strength of hamstring and quadriceps muscles (Table 3).
The isometric muscle strength of hamstrings and quadriceps muscles of the injured lower extremity were significantly smaller than those of the intact lower extremity (p!0.0001, p=0.0003).
The isokinetic muscle strength, as expressed by peak torque (Nm), of the hamstring muscle of the injured lower extremity were significantly smaller than those of the intact lower extremity at low-speed and high speed (p=0.0005, p=0.0006). The isokinetic muscle strength of the quadriceps muscle of the injured lower extremity were significantly smaller than those of the intact lower extremity at low-speed and high speed (p=0.0003, p=0.0037). 
Relationship between the time from injury to admission and injured lower extremity / intact lower extremity ratio of BMD, BMC, lean mass, fat mass, %fat, COT, COLL, muscle strength (Table 4).
The time from injury to admission to our hospital was 3 to 60 months, with an average of 14.5!15.0 months. There was a significant negative correlation between the time from injury to admission and injured / intact ratio of fat mass of lower extremities (p=0.031).
DISCUSSION
Chronic unilateral ACL insufficiency reduced BMC of the injured lower extremity, whereas BMD did not change between the injured lower extremity and intact lower extremity. Kannus, et al. (7) showed that a cruciate ligament injury resulted in decreased BMD of the distal femur, patella and proximal tibia in the injured knee. In this study, we measured BMC, BMD and the soft tissue composition of the lower extremity as shown in Figure. In the future study, Values given as the mean!standard deviation. Table 4 . Relationship between the time from injury to admission and injured lower extremity / intact lower extremity ratio of Bone area, BMD, BMC, fat mass, lean mass, muscle strength and COT, COLL of all patients. we should measure the BMDs of the proximal femur, distal femur, patella, proximal tibia and calcaneus of both lower extremities to study the effects of an unilateral ACL injury on BMD.
The most important determinant to maintain the BMD of weight bearing bones is the mechanical load applied to the bones. Osteocytes embedded in the bone matrix play an important role in responding to mechanical stress on bone and metabolism changes in bone (13) (14) (15) . Osteocytes have long processes to conduct mechanical load to other osteocytes, osteoblasts or osteoclasts (16) . The gap junction of the long processes enables osteocytes to transmit mechanical stress to facilitate bone formation by osteoblasts while inhibiting bone resorption by osteoclasts in axial bones and appendicular bones. Except for the acute period after ACL injury, these patients could walk with full weight bearing, which may prevent reduction of the BMD of the injured leg in spite of the decrease in BMC.
ACL injury was associated with a reduction of the muscle strength of the injured lower extremity in this study, which is ascribable to disuse muscle atrophy resulting from a decrease in the synthesis of contractile proteins and acceleration of degradation of muscle proteins. In addition, the degree of loss of quadriceps muscle peak torque at low-speed was greater than that of the hamstring muscle, indicating that the quadriceps muscle on the ACL-injured side is more susceptible to lose muscle strength and muscle mass than the hamstrings muscles. The quadriceps muscle is one of the antigravity muscles. Therefore, quadriceps muscles may be predominantly affected by disuse and immobilization than hamstrings muscles. Previous studies have shown that chronic ACL injury affects predominantly quadriceps muscles compared with hamstrings muscles (2, 5, 17, 18) , and that it particularly affects the vastus medialis muscles within quadriceps muscles (18) . Weakness and atrophy of the quadriceps muscles on the injured side, as shown in the present study, may have been due to selective muscle atrophy of the vastus medialis muscle.
There was a significant negative correlation between injured / intact ratio of fat mass of lower extremities and the time from injury to admission, as shown in Table 3 (p=0.031). Based on this fact, fat mass of the injured lower extremity changed with time more markedly than the lean mass of the injured lower extremity.
The present study was just a cross sectional study of patients with unilateral ACL injury before ACL reconstruction. Therefore, a longitudinal study should be carried out to clarify the effects of surgery on the musculoskeletal system of the lower extremity.
